According to legal principles, a driver who negligently breaks a pedestrian's leg should pay the same damages as a doctor who negligently breaks a patient's leg. According to economic principles, however, the driver should pay more than the doctor. Non-negligent drivers impose risk on others without being liable for it. When liability externalities are mainly negative as with driving, liability should increase beyond full compensation to discourage the activity. Unlike pedestrians, patients contract with doctors for treatment and willingly submit to the risk of harm. Imperfections in medical markets cause some kinds of doctors to convey more positive than negative externalities on their patients. Increasing liability for these doctors would discourage an activity that needs encouragement. The argument for decreasing doctors' liability is especially strong when doctors must choose among risky procedures, such as cesarean or vaginal delivery of a baby, which we call a "mandatory choice". Given equal benefits, the doctor ought to choose the least risky alternative. If the doctor negligently chooses a more risky alternative and harm materializes, courts award damages equal to the harm suffered by the patient. Even without the doctor's faulty choice, however, the patient would have been exposed to the least risky alternative. Economic efficiency requires reducing the doctor's liability below the victim's actual harm, which current legal rules usually prohibit. We propose that legislatures give courts the choice of lowering tort damages for doctors in well defined circumstances, and for their mandatory choices in particular, and we suggest some principles for doing so.
INTRODUCTION
This paper concerns the novel application of some familiar concepts to tort law, as illustrated by three examples:
Example 1: Liability externality. A doctor makes a mistake and negligently breaks his patient's leg. In a separate accident, a driver negligently collides with a pedestrian and breaks her leg. The doctor and driver are both liable for the harm caused by their negligence. The seriousness of injury, pain, treatment, and course of recovery are identical for both victims. According to legal principles, the doctor should pay the same damages as the driver. Should the damages be the same according to economic principles?
Economic principles imply that the driver should pay more than the doctor. Non-negligent drivers impose risk on pedestrians without being liable for it, which we call a liability externality. Law should discourage activities with negative liability externalities. A tax on these activities will discourage them. Many jurisdictions tax driving, but we know of no jurisdiction that calibrates the tax according to the risk that drivers impose on others. 1 In the absence of a tax on risk, law should increase liability beyond full compensation in order to discourage driving. In general, liability law should adjust damages in light of the externalities that it creates.
Unlike pedestrians and drivers, patients contract with doctors for treatment and willingly submit to the risk of harm. If medical markets worked perfectly, contracts would internalize all marginal costs and benefits, so liability law would not need to encourage or discourage doctoring. In reality, medical markets are imperfect and externalities occur. Imperfections cause some kinds of doctors to convey more positive than negative externalities on their patients. Law should encourage activities with positive externalities. A subsidy on these activities will encourage them. In fact most such activities are not subsidized. Increasing liability for doctors would discourage activities that need encouragement.
Liability law does not need to discourage the activity of doctoring, and it needs to encourage some medical specialties. The following example, however, illustrates that when medical malpractice is proved, the damages often exceed the harm caused by doctors, which discourages doctoring.
Example 2: Least Risky
Alternative. An obstetrician must decide whether to deliver a baby by vaginal or cesarean birth. In this difficult case, vaginal birth imposes the unavoidable risk of harm to baby and mother of 200 with probability .10 (expected harm of 20), whereas cesarean birth imposes the unavoidable risk of different harm of 300 with probability .10 (expected harm of 30). The obstetrician mistakenly chooses cesarean birth and the harm materialized. A court applies a negligence rule to these facts and finds the obstetrician liable. Should damages equal 300 or 100?
Economic efficiency requires that the obstetrician should be liable for the harm caused by his negligence. Having a baby by vaginal birth risks losing 200 with probability of .10. The obstetrician negligently chose cesarean delivery, which caused risk of losing an additional 100 with probability .10. Legal liability of 100 would make the obstetrician internalize the additional expected loss of 10. Starting with the patient's actual harm of 300, deducing the harm of 200 from vaginal birth yields legal liability of 100.
In general, doctors often choose among risky procedures. The doctor should choose the procedure with largest expected net benefits. When benefits and costs of executing the procedures are similar, the doctor should choose the least risky alternative. If the doctor negligently chooses a more risky alternative, his faulty choice causes incremental risk. The practice of the courts, however, is to award damages equal to the harm actually suffered by the patient in most cases. That makes the doctor' expected liability exceed the expected harm caused by the faulty choice. Later we explain why legal rules produce this wrong result in many cases.
Medical professionals allege that high damages for tort liability in the U.S. cause too few doctors to specialize in obstetrics. 2 doctors cannot fully recoup liability through higher fees. Applying this assumption to Example 2, damages of 300 make the obstetrician's practice relatively unprofitable, which would discourage medical students from specializing in obstetrics. Now we turn from the underlying activity of practicing obstetrics to the choice of procedures. The court in Example 2 can verify whether or not the obstetrician chose the right method of delivery and the court can impose liability for making the wrong choice. In a more common situation described in Example 3, the court cannot verify the right method of delivery in the circumstances. Instead, the court can assess whether the chosen method of delivery, right or wrong, was executed negligently or non-negligently. Even the court's assessment of fault in executing the delivery is imperfect and might contain systematic errors, as the next example describes.
Example 3: Negligent Execution of a Mandatory
Choice. An obstetrician must decide whether to deliver a baby by vaginal or cesarean birth. The obstetrician's fees and profits are the same. In vaginal delivery the obstetrician makes a mistake with probability .10 that causes harm of 200, and the probability of liability is 1. In cesarean delivery the obstetrician makes a mistake with probability .10 that causes harm of 300, and the probability of liability is .5 According to economic principles, what damages should courts award when harm materializes from negligent cesarean or vaginal delivery?
In Example 3, the court's 50% error in finding liability for negligent cesarean deliveries results in too many of them. To correct this problem, the obstetrician could be held liable for 200% of the victim's harm. Instead of liability for more than the victim's harm, a lower damage measure can still cause obstetricians to choose the right method of delivery. To achieve this result, we can equalize the external harm caused by each of the mandatory alternatives. In particular a court can award damages for negligent cesarean delivery at 300 or 100% of victim's harm and for negligent vaginal delivery at 50 or 25% of victim harm. Compared to internalizing the externality, equalizing the externality provides the same incentive to make the efficient mandatory choice and more incentive to engage in the underlying activity.
Examples 1, 2, and 3 illustrate concepts developed in this paper. Part I of this paper develops the general theory of liability externalities as illustrated in Example 1. Part II discusses mandatory choices as illustrated in Examples 2 and 3, including the least harmful alternative and equalizing the externality. Part II also introduces a novel measure of damages for mandatory choices. Part III compares these concepts under uncertainty and identifies some suitable circumstances for applying them. When externalities are positive, liability should decrease below the harm caused by the doctor's negligence in order to encourage the underlying activity. We propose that legislatures give courts the choice of lowering tort damages for doctors in well defined circumstances, and for their mandatory choices in particular, and we suggest some principles for doing so. Part IV concludes and briefly discusses other mechanisms to control liability externalities.
I. LIABILITY EXTERNALITIES
According to the standard economic analysis of law, a rule of strict liability with perfect compensation causes injurers to internalize the risk that they impose on others. The precaution and activity levels of injurers, consequently, are efficient. The conclusion is different, however, for a negligence rule. A negligence rule gives actors an incentive to escape liability by satisfying the legal standard of care. Having escaped liability, careful actors engage in too many harmful activities, and they engage in too few beneficial activities.
For drivers, the legal standard concerns how carefully people drive, not how much they drive. Since careful drivers escape liability most of the time, they externalize part of the risk of harming others, which makes them drive too much. For doctors, the legal standard concerns their choice of treatment and their skill in carrying it out. Like drivers, careful doctors satisfy the legal standard and escape liability most of the time. Unlike drivers, escaping liability does not cause careful physicians to doctor too much. Unlike drivers and accident victims, doctors and patients have a contractual relationship and patients agree to submit to the risk that their doctor will accidentally harm them. If the contractual relationships approached the economic ideal of perfect competition, prices would capture all of the benefits and costs. Instead of perfect competition, medical markets have administered prices and quantities. Doctors often create benefits for patients that exceed their fees in total and at the margin. 3 Also negligent drivers drive too much for the same reason, but they pay a higher fraction of the harm they cause relatively to careful driver. Even if drivers create some positive externalities, the negative externalities they create are much greater. A careful empirical study concludes that a tax on driving to cover the negative externalities from risk of accident would exceed $2,000 per car in regions with high traffic density. In California the total tax revenue would exceed the sum of the current corporate and personal income tax. A negligence rule, however, does not allow careful drivers or doctors to escape liability in all circumstances. Courts sometimes make mistakes in applying the duty of care and hold careful actors liable. Like courts, normally careful actors occasionally make mistakes and harm others. Whether from court or personal error, even normally careful actors bear some of the risk associated with their activity. Higher damages, consequently, reduce the incentive of careful actors to engage in the activity. In the case of drivers, higher damages will increase auto insurance premiums and drivers will respond by driving less and buying fewer cars. In the case of doctors, higher damages will cause them to perform fewer treatments that risk liability and discourage them from specializing in fields with high risk of liability. Lowering damages will decrease these undesirable effects and benefit patients. 5 health, the anticipated outcome of medical care, has positive externalities. This makes medical care a merit good, and, unlike many other economic goods, one that should not be allocated solely on the basis of ability to pay"); Stuart Rome, (1984) . ("Moreover, health care usually is viewed as a "merit good", with benefits extending beyond its economic value. This view is reinforced by the ethical mandates of the health professions and by a widespread belief that "more is better" in the provision of medical services"). 5 Tom Baker argues that doctors, health care providers, and medical malpractice insurers pay much less than necessary to cover the true social costs of doctors' wrongdoing. See BAKER, supra note 2. See also infra note 22. If the external costs discussed by Baker exceed the external benefits of doctoring, then incentives exist for too many people to become doctors. Our article does not compare the negative and positive liability externalities of doctors in general. Rather, we assume that there are several fields in medicine where the positive externalities exceed the negative externalities. For example, much research supports the argument that positive externalities exceed negative externalities in obstetrics. See supra note 2. Liability law biases doctors against specializing in these fields. Figure 1 represents optimal damages as a percentage of full compensation. For activities like driving, incentives are optimal under a rule of strict liability when damages equal 100% of the victim's harm. For a negligence rule, however, incentives for drivers' activity are optimal when damages exceed 100% of the victim's actual harm. For activities with positive externalities like some medical specialties, incentives are optimal when damages are less than 100% of the victim's actual harm. For these activities, optimal damages fall as the rule of liability shifts from negligence to strict liability.
Empirical studies show that courts tend to award higher damages in medical malpractice cases than in road accident cases. When researchers controlled for injury severity, amount of reported economic damages, and other factors, malpractice awards remained approximately three times larger than those in automobile cases. 6 Furthermore, in cases of wrongful death, the median award in malpractice trials was $876,000, while the median award in automobile trials was $318,000.
7 This data, however, requires cautious interpretation. 8 Turning from econometrics to raw statistics, plaintiffs have lower success rates 9 
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"Externality" usually means costs and benefits conveyed to others that market prices do not capture. When markets fail, liability law often improves the situation by making injurers compensate victims. Sometimes, however, liability law leaves significant costs externalized. We adopt the phrase "liability externality" to mean costs and benefits conveyed to others that market prices do not capture and liability law does not correct. Given liability externalities, adjusting damages can improve incentives. When liability externalities are negative as with driving, increasing damages above full compensation improves incentives for the activity. Conversely, when liability externalities are positive as with doctoring in certain fields, decreasing damages below full compensation improves incentives for the activity.
While decreasing damages improves incentives for the activity, it could distort the incentives for precaution. Thus, if doctors pay, say, 50% of harm, they might take less precaution than required by efficiency. Later we show that medicine involve mandatory choices, and liability lower than 100% will provide efficient incentives for precaution in these cases. In other cases, a tradeoff exists between precautions and activity level, and so improving incentives for activity necessarily worsens incentives for precaution. (1996) . The mean award was much higher $408,000. The discrepancy between median and mean was produced by some very large awards. When the top and bottom 5% of these outlier awards were excluded, the mean was $ 160,000. Medical malpractice cases, however, had substantially higher awards. Id. See also Cohen, Medical Malpractice Trials, supra note 10 (showing that the median award of $425,000 in medical malpractice trials was nearly 16 times greater than the overall median award in all tort trials ($27,000)). The RAND corporation studies indicated that even when juries considered injury severity, medical malpractice plaintiffs and products liability plaintiffs received awards several times greater than those received by automobile injury plaintiffs. CHIN & PETERSON, supra note 6. Randall Bovbjerg and his colleagues found that the expected awards for automobile cases are only two thirds those for malpractice cases (0.66 as compared to 1.00), or, conversely, malpractice scores half again higher. Randall R. (1996) .
To increase precision, we express the preceding arguments in notation. Consider an activity that benefits other people, and also imposes risks on them. The activity creates benefits of b for other people and imposes risk of harm h on them with probability p. Thus the marginal net benefit to others is b-ph. Because of a market transaction, the actor receives the market price m. Liability law requires the actor to pay damages d with probability q. Thus the actor's expected net benefit equals m-qd. These variables -b, q, d, p, and h -may be interpreted as marginal values.
11 To internalize marginal net benefits, the actor's expected net payoff must equal the net social benefit of the activity to others at the margin:
. reciprocal expected price of enforcement harm externality error
For an application of equation 2, consider defective consumer products. Strict liability implies that most injuries are compensated: q≈p. When consumer products are sold in competitive markets and consumers discount risks due to ignorance, consumers buy the good until the marginal benefit from consumption equals the price: b=m. Thus equation 2 reduces to the proposition that social harms are internalized when manufacturer's liability equals 100% of the actual harm to a consumer: d*=h. This is the standard conclusion of the economic argument for strict liability for defective consumer products. Now consider automobile accidents. The injurer and victim are usually strangers, so, before the accident, they do not negotiate a price for driving: 0=m. Drivers do not convey benefits to their potential victims: 0=b. Equation (2) reduces to d*=(p/q)h. q represents the probability that a driver involved in an accident is held liable. If drivers were always held liable for involvement in an accident, then q would equal the accident probability p, and optimal damages d* would equal actual harm h. This outcome might occur if drivers were strictly liable for harm to others. Instead of strict liability, drivers face a negligence rule and they expect to escape liability part of the time: q<p. To offset the fall in probability of liability, damages must increase above full compensation. Specifically, damages internalize the externality when d=(p/q)h. To illustrate, if drivers expect to be liable 33% of the time, then damages must equal 300% of the actual harm in order to internalize the risk of harm to others.
12
Unlike drivers, doctors usually have a contractual relationship with an injured patient. The contract may include a price m that encompasses some, but not all, of the benefits to the patient, in which case we have m<b. The unpriced benefit given by b-m is a price externality. According to Equation 2, the price externality causes optimal damages d* to decrease below 100% of the actual harm h. With a negligence rule, doctors are liable for some, but not all, accidents: q<p. This fact, according to Equation 2, causes damages d* to increase above 100% of the actual harm h. The external benefit causes optimal liability to fall, and the external harm causes optimal liability to rise.
To be concrete, assume that the probability p that the treatment harms the patient is .10, and the resulting harm h is 100. Assume that the doctor is found liable in half of the cases where the patient suffers harm, so the doctor's probability of liability q equals .05. Finally, assume that the patient's benefit b exceeds the doctor's fee m by 8. Under these assumptions, equation 2 implies that the doctor's optimal liability d* equals 40% of the actual harm of 100.
II. MANDATORY CHOICES
Providers of services are usually free to choose whether or not to serve a particular client.
14 Once the actor commits to providing the service, however, he subsequently faces mandatory choices in fulfilling his commitment. Mandatory 12 Less care by the injurer increases the probability of an accident. Assume that less care also increases the probability that the victim can prove negligence and recover damages. These assumptions imply Craswell's Paradox: With the multiplier, the optimal sanction is less when wrongdoing is worse. By definition the multiplier equals the reciprocal of the enforcement error, and, by assumption, worse wrongdoing is more likely to be detected, so worse wrongdoing must result in a lower sanction. Richard Craswell, Deterrence and Damages: The Multiplier Principle and its Alternatives, 97 MICH. L. REV. 2185 (1999).
13 By assumption, H=100, p=.10, q=.05, and a-m=8. Thus equation 2 reduces to:
14 Law sometimes requires a professional to provide a service. For example, according to the Emergency Medical Treatment and Active Labor Act, 42 U.S.C. 13955dd (1998), hospitals have an obligation to provide for examination and treatment for emergency medical conditions. choices often arise from a relationship created by contract. For some mandatory choices, each of the alternatives imposes risks on others. 15 We focus on medical services where a doctor must choose among treatments and each one risks harming the patient, such as a choice of how to deliver a baby, whether or not to operate, or whether or not to administer a particular drug. The same problem of mandatory choice with unavoidable risks arises in a fiduciary relationship between, say, a client and his bank, an investor and the firm's board of directors, or a client and his attorney.
Our discussion of Example 2 explained how liability affects the obstetrician's choice between vaginal and cesarean delivery. Figure 2 imbeds this mandatory choice in some decisions that precede and follow it. Before choosing, the obstetrician must prepare to make the choice, which involves examining the patient and ordering tests. Much earlier in the sequence, the medical student must decide whether or not to specialize in obstetrics. Finally, after making the mandatory choice, the obstetrician must carry it out, either carefully or negligently. We will analyze the connection between each of these decisions and liability in tort law. 
A. The Least Harmful Alternative
A general principle of tort law holds a person liable for damages equal to the harm caused by his negligence. For mandatory choices, courts apply this principle inconsistently, as we will demonstrate. In Example 2, the actor did not cause the mandatory choice that he must make on behalf of the patient. Given the mandatory choice, risk of harm at the level caused by the least harmful alternative was unavoidable. The actor's faulty choice caused additional risk of harm, which equals the patients' actual risk minus the risk from the least harmful alternative. In Example 2, the additional risk is 30-20=10. In Example 2, the risk associated with the actor's choice materialized and actual harm equaled 300. In setting damages, the court might want to subtract the unavoidable risk from the actual harm, resulting in damages of 280. 16 Or the court might want to subtract the harm of 200 that might have been realized by the non-negligent choice, resulting in damages of 100.
The principles of positive law, however, do not allow the court to subtract anything as long as the risks of the faulty choice and the risks of the least harmful choice do not overlap. To illustrate non-overlapping risks, vaginal delivery is more likely to cause uterine prolepses, whereas cesarean birth carries risks associated with surgery. If the obstetrician wrongfully chooses cesarean delivery and the mother suffers harm in surgery, the principles of positive law do not allow a deduction for avoiding the risk of uterine prolepses.
The principles of economics favor a different conclusion from positive law. The obstetrician's faulty choice increased one risk by 30 and reduced another risk by 20, thus causing additional risk of 10. This is true even though the risks do not overlap. In order to make the doctor internalize the social costs of his wrong choice, he could be held liable for imposing risk of 10, regardless of whether or not the risk materialized. Tort law, however, imposes liability for materialized harm, not for exposure to risk. Harm materializes with probability .10. Liability of 100 for materialized harm has the same incentive effects as liability of 10 for exposure to risk. 17 The socially efficient level of damages for materialized harm equals 100 in this example.
Notice that our rule differs from a rule of probabilistic recovery. A probabilistic recovery principle mandates imposing liability on a defendant for the harm suffered by the plaintiff multiplied by the probability that the harm was 16 An award of 280 is analogical to probabilistic recovery awarded by some courts for lost chances of recovery. See ARIEL PORAT & ALEX STEIN, TORT LIABILITY UNDER UNCERTAINTY 73-76, 101-29 (Oxford, 2001) . 17 For simplicity, we also assume that actors are risk-neutral.
caused by the defendant's wrongdoing. 18 Some courts apply the principle in medical malpractice cases where the doctor's negligence diminished the plaintiff's chances of recovery. Consider the patient who arrives at the hospital with 30% odds of recovery, but because his disease is not diagnosed by the doctor in time, his chances drop to zero. The patient brings a tort action against the doctor. The patient would lose if the preponderance of evidence standard were applied, because the probability that the doctor caused the harm is lower than 50%. The court might apply a probabilistic recovery rule, which would result in the doctor bearing liability for 30% of the patient's harm. 19 Under a probabilistic recovery rule damages in Example 2 should be 280. The reason is simple: The patient suffered harm of 300. "But for" the doctor's negligence the patient would have suffered either no harm or harm of 200. The probability of the latter is.1. Therefore. 200 x .1 should be deducted from the actual harm of 300 suffered by the patient. Conversely, under our rule, liability should be for 100. Liability for 100-not for 280-will make the doctor internalize the true risk he created by his negligence.
In fact our suggestion is motivated not by the uncertainty of the case (which is the motivation for a probabilistic recovery rule), but by the presence of positive externalities. In Example 2 the doctor's negligent choice caused both negative and positive effects: He increased one risk by 30 (negative externaliy) and he also decreased another risk by 20 ( positive externality). Prevailing tort law internalizes the negative effects by imposing liability on the doctor when harm materializes, but the positive effects remains externalized by him. As a result, the doctor bears more than the net risk created by his negligence. We suggest correcting this distortion by crediting the doctor with the positive externalities he created by his negligence and reducing his liability accordingly.
To formalize this argument, let A denote the reasonable choice that risks harm h a with probability p a . Let B denote the unreasonable choice that risks harm h b with probability p b . The expected harm from the least harmful alternative equals p a h a , and the expected harm from the chosen alternative equals p b h b . Deducting the former from the latter yields p b h b -p a h a , which indicates the additional risk from choosing the wrong alternative. Instead of liability for risk, the court imposes liability for realized harm. To find the level of liability for realized harm 18 PORAT & STEIN, supra note 16, at 116-29. 19 In this context, the principle is known as the "lost chances of recovery principle. that is equivalent to liability for additional risk, multiply the preceding difference by 1/p b , which yields h b -p a h a /p b .
We have explained that when the risks from a mandatory choice do not overlap, legal principles would not allow subtracting from the victim's actual harm a fraction that reflects the risk of the least harmful alternative. When the mandatory choice imposes unavoidable harm rather than risk, however, the court has no difficulty subtracting the least harmful alternative when computing damages. To illustrate, modify Example 2 and assume that vaginal delivery causes harm of 200 to mother with certainty, and cesarean delivery causes different harm of 300 to mother with certainty. Courts would note that, but for the actor's negligence, harm would have been 200 rather than 300, so the negligent choice caused harm of 100. When a mandatory choice results in certain harm, the "but for" test of causation requires subtracting the least harmful alternative for victim from victim's actual harm.
The same conclusion applies in another set of circumstances as illustrated by a hypothetical inspired by Example 2. Assume that two alternatives procedures, A or B, benefit the patient equally and cost the doctor the same. Also, procedure A or procedure B risk harm of 200 with probability .1 to patient's left leg. Since the risk to the left leg is the same for both procedures, we call it overlapping. In addition, procedure B risks harm of 100 with probability .1 to patient's right leg. Since the risk to the right leg only occurs with procedure B, we call it nonoverlapping.
The doctor negligently chooses procedure B and the patient suffers total harm of 300-200 to his left leg and 100 to his right leg. The doctor's negligent choice did not change the overlapping risk to the left leg. The doctor's wrong choice, however, increased the risk to the right leg. Under appropriate application of causation law, 20 liability for making the wrong choice will be imposed on the doctor only for the harm to the right leg. This is true even though the doctor's wrong choice is also a "but for" cause of the harm to the left leg (since but for the doctor's wrong choice the probability of inflicting harm on the patient's left leg was only .1). By this reasoning, doctor's liability equals 100, not 300.
Another variation concerns non-overlapping harm to different people. In Example 2 assume that the additional risk created by cesarean delivery falls on the baby, not the mother, while the risk to mother is identical under both procedures and relates to the same harm. By assumption, the risks to mother by both methods of delivery overlap, while the risks to baby are separate. 200 and baby suffers loss of 100. Baby is entitled to damages of 100 while mother is entitled to no damages. 21 We have explained that computing damages for a negligent mandatory choice requires subtracting from actual harm a fraction that reflects the risk of the least harmful alternative. Legal principles of causation, however, require courts to subtract damages only where harm is certain or overlapping, but not when harm is probabilistic and not overlapping.
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Failing to reduce damages has three negative consequences as represented from left to right in Figure 2 .
First, it discourages medical students from specializing in obstetrics. Even though in theory doctors could shift the additional liability to their patients, in fact doctors cannot fully recoup liability through higher fees. 23 21 If vaginal delivery risks harm of 200 with probability .1 to mother, and cesarean delivery risks harm of 300 with probability .1 to baby, and doctor wrongfully choose cesarean and harm materialized, the risks do not overlap and doctor will pay damages of 300, not 100. But this should not come as a surprise to tort law scholars who know that positive externalities to one person (e.g. the mother) do not affect the victim's right to compensation (e.g. the baby). Efficiency would mandate liability of 100 in all such cases. 22 Arlen and MacLeod argued that doctors' liability should equal the difference between the patient's expected benefits from optimal treatment and the patient's actual benefit from the erroneous treatment that he received. Assuming under-enforcement, that difference should be divided by the probability that the doctor is found liable when negligent. See Jennifer Arlen & W. Bentley MacLeod, Malpractice Liability for Physicians and Managed Care Organizations, 78 N.Y.U. L. Rev. 1929 Rev. , 1984 Rev. -5 (2003 . Those authors, however, did not distinguish between certain harms and uncertain risks, overlapping and non-overlapping risk, and risks to same patient or different patients.
The idea developed here with respect to mandatory choices has a wider scope. In general, when a wrongful act creates risks but at the same time reduced other risks, either to the victim or to third parties, liability should be reduced, reflecting the net, rather the gross risks, which the wrongful behavior created. Especially when applied to risks reduced to third parties, the argument invites a strong opposition from corrective justice scholars. Second, it causes too many tests in preparing to choose a procedure. To illustrate by Example 2, when negligent obstetricians are liable for 300, obstetricians order more tests than if they were liable for 100. 24 In principle, courts could solve the problem by imposing strict liability on obstetricians for the full harm that resulted from either choice. Strict liability would discourage obstetrics by making obstetricians pay much more than the social costs of their activities. Indeed, non-negligent obstetricians would have to pay for the risks caused by the pregnancy of their patients.
Third, it causes obstetricians who face mandatory choices to choose the alternative that reduces the risk of liability and not the risk of harm. This fact might explain the high number of cesarean deliveries compared to vaginal deliveries. In general, when liability for negligence is larger, the incentives of doctors to escape the risk of liability by practicing defensive medicine are stronger. The preceding analysis assumed a mandatory choice between two alternatives, but the results change only modestly when there is a mandatory choice among continuous alternatives. Assume that the mandatory choice involves alternatives that run continuously from the least risky alternative to the more risky alternatives. Somewhere along this continuum is the boundary between negligent and non-negligent behavior. As the injurer's behavior approaches this boundary, the risk of injury increases continuously, whereas the expected liability jumps discontinuously at the boundary. The jump occurs so long as the court awards compensation for the victim's actual harm without subtracting damages which reflect the least harmful alternative. This discontinuity in costs has important behavioral consequences described in an earlier literature without the concept of mandatory choices or recognition of non-overlapping risks.
B. Disgorgement
Faced with a mandatory choice, a self-interested injurer will choose the alternative whose net benefit is higher for him, even if his choice increases the risks to the victim by more than its net benefit. If injurer must disgorge his savings each time he chooses the more risky alternative, he will have an incentive to choose the less risky alternative. To illustrate, assume that the obstetrician's fee in Example 2 is the same for cesarean and vaginal delivery, but vaginal delivery costs the doctor 1 more than cesarean delivery. The obstetrician thus gains 1 each time he negligently chooses cesarean delivery. If the obstetrician were required to disgorge his gain every time he negligently chooses cesarean delivery, then he ) (advocating liability for incremental damages which is the difference between the social losses inflicted by injurers' activity and the social losses that would have been inflicted had they complied with the legal standard).
would have efficient incentives. If, however, the disgorgement takes place only when the obstetrician negligently chooses cesarean delivery and harm materializes, then deterring wrongdoing requires increasing damages to reflect the obstetrician's gain in the cases where he negligently chooses cesarean delivery and harm did not materialize. In our example, the obstetrician expects to pay damages when harm materializes, which occurs in 10% of cesarean deliveries. Damages of 10 for materialized harm will cause the obstetrician's expected liability to equal his expected gain from negligence, so he expects to disgorge his gain from wrongdoing.
Alternatively, the injurer can cut costs by reducing efforts to verify which alternative is the least risky alternative. Spending less on preparing to choose increases the probability of making the wrong choice. To illustrate, assume that the obstetrician saves 1 by refraining from making costly tests to decide how to deliver the baby, and a lack of test causes the obstetrician to choose the more risky alternative.
We coin the phrase "Disgorgement Damages for Risk of Accidents" ("DDA") to refer to damages that makes the negligent injurer's expected liability equal to his expected gains from negligence. For mandatory choices these gains include the difference between the injurer's costs of executing the two alternative procedures. These gains also include the untaken precautions that should have been taken to prepare to choose. The DDA generally equals or exceeds the actual gain in the case where the harm materializes. In the preceding examples, DDA equals the gain multiplied by the reciprocal of the probability of liability.
We will derive this result for a case where the alternative procedures have different costs for the injurer. Let a A and a B represent the cost of alternative acts to the actor. Assume that act a B involves more costs than act a A . As before, m is the price paid to the actor, q is the probability of liability, and d is damages. Disgorgement damages d A * equalize the net costs of each act to the actor:
Rearranging terms yields a formula for disgorgement damages:
Under the simplifying assumptions that d B =0 and m A =m B , the preceding equation reduces to the proposition that damages equal the reciprocal of the probability of harm multiplied by the gain from negligence:
Since DDA exactly offsets the expected gain from making the wrong choice, DDA is the lowest level of damages that cause self-interested actors to behave non-negligently. Moving from left to right in Figure 2 reveals an advantage and a disadvantage of DDA. For activities with positive externalities, DDA has the advantage of encouraging more of the underlying activity than any alternative damage measure that deters negligence. DDA, however, is likely to give the injurer deficient incentives to prepare for the mandatory choice. The reparations are often non-verifiable, so the gains included in the DDA exclude them. Applied to Example 2, DDA gives the obstetrician the required incentive to choose vaginal delivery, and DDA encourages medical students to become obstetricians, but DDA is likely to give insufficient incentives for testing before deciding on the method of delivery. To illustrate the latter effect by Example 2, under DDA the doctor is likely not to take tests that cost him more than 1, even though the expected harm from making the wrong choice is 10.
Another problem with DDA arises in cases where an ordinarily carefully actor's attention lapses and he causes harm. Under prevailing law a lapse of attention that causes harm is considered negligence and triggers liability. Typically, the injurer gains nothing from lapsing, which implies that DDA equals zero. To avoid DDA of zero, the court would have to find someone liable who saved costs from the doctor's untaken precaution. Thus over-work or inferior working conditions could cause an obstetrician to lapse. Perhaps the doctor's employer overworked the doctor and caused the lapse, or perhaps the doctor's employer provided inferior working conditions that caused the lapse. Courts could apply DDA to the employer's gains from over-working the doctor or providing inferior working conditions. 
C. Equalizing Externalities
Think of liability as having two components: The baseline of liability for harm resulting from the right choice, plus the increase in liability for making the wrong choice. The increase in liability for making the wrong choice is the difference in liability. The difference in liability can be used to control the mandatory choice, and the baseline of liability can be used to control other behaviors: engaging in the underlying activity, preparing to choose and executing the choice. In section A we assumed the baseline to be zero. Now we explore under what circumstance it should be positive.
As we have shown, disgorgement damages (DDA) provide the lowest liability for a mandatory choice that still gives an incentive to make the right choice. As long as the difference in liability for each of the choices equals or exceeds DDA, the actor has incentives to make the right choice. The line labeled "mandatory choice" in Figure 3 depicts the fact that liability at least as large as DDA provides efficient incentives for the mandatory choice.
A mechanical application of the DDA could end up with liability which is higher than liability for the entire harm. That could create a moral hazard. Suppose gains from untaken precautions are 1, probability of harm is .1, and harm, if materialized, is 5 in half of the cases, and 25 in the rest of the cases. Mechanical application of the DDA would impose liability on the injurer for 10, regardless of whether the materialized harm is 25 or 5. That could provide incentives for victims to bring upon themselves harm of 5, and get compensation of 10. See Levmore, supra. To avoid moral hazard we suggest applying the DDA in a different way: Impose liability according to the ratio between gains and expected harm. In the latter example the ratio between gains and expected harm is 1/3. Therefore, if harm of 5 materializes liability will be for 1.66, and if harm of 25 materializes liability will be for 8.33. The expected liability of the injurer in this example will be exactly 1 and the moral hazard problem completely avoided. Now consider how the baseline of liability affects the first choice depicted in Figure 2 -engaging in the underlying activity. The incentive to engage in the underlying activity depends on the resulting level of liability. A higher baseline discourages engaging in the activity, and a lower baseline encourages it. The lowest baseline for damages provides the strongest incentives to engage in the activity. If the activity has more positive than negative externalities, as with specializing in obstetrics, then the most efficient incentives to engage in the underlying activity require the lowest baseline for damages, 28 which is zero.
29
Figure 3 depicts this fact by placing "activity level" at zero on the damages line. Now consider how liability for the wrong mandatory choice affects the choice that immediately precedes it in Figure 2 , which is preparing to choose. The difference in liability determines how much the actor stands to lose from making the wrong choice. When the actor stands to lose more from the wrong choice, he has a stronger incentive to prepare to choose. Damages exceeding DDA are required for efficient incentives to prepare to choose. Specifically, incentives to prepare are efficient when the difference in liability equals the difference in social costs between the alternatives.
30 F i g u r e 3 d e p i c t s t h i s f a c t b y p l a c i n g "equalization" to the right of DDA on the damages line.
We apply these principles to Example 2, where vaginal birth risks harm of 200 with probability .10 (expected harm of 20), and cesarean birth risks harm of 300 with probability .10 (expected harm of 30). For efficient incentives to prepare to choose and to make the right choice, the difference in expected liability must equal the difference in expected harm, which is 10. If liability is imposed for materialized harm and not exposure to risk, the difference in liability must be 100. Assume the difference in liability for materialized harm equals 100 -making the wrong choice increases liability by 100 as compared to making the right choice. Now consider the baseline, which refers to liability for harm when making the right choice. The baseline could be 200, which implies damages of 200 and 300 for harm from vaginal and cesarean birth, respectively. Or the baseline could be 50, which implies damages of 50 and 150, respectively. Or the baseline could be 0, which implies damages of 0 and 100, respectively. Since the underlying activity in Example 2 has beneficial externalities, damages for making the wrong mandatory choice should be computed by starting with a baseline of 0 and adding the difference in harm to the victim, so liability for materialized harm in cesarean birth should equal 100. This is equivalent to starting with the actual harm of the victim (300) and subtracting the least harmful alternative (200). 28 Note that setting the liability difference and baseline in a discrete choice corresponds to setting the marginal and average liability in a continuous choice. 29 We assume that the baseline cannot be negative. 30 But see text before the paragrapg which follows note 27, supra.
We summarize these results in a general principle. The Equalization Principle is the principle that the difference in expected social harm between mandatory alternatives should equal the difference in the actor's liability. The Equalization Principle provides socially efficient incentives to prepare to choose and to make the right choice. Since the Equalization Principle concerns the difference in liability and not the baseline, the latter can be adjusted for the best incentives to engage in the underlying activity.
We formalize the Equalization Principle by using the same notation as before, where the mandatory choice is between A and B. The following expressions give the externalities for the two acts:
liability price externality externality
The Equalization Principle requires equating the externality for the two acts:
For an application of equation 3, assume the consumer pays for the benefit he receives, or b A =m A and b B =m B . Equation 3 reduces to:
(3`).
Equation 3` says that the difference between expected liability and social harm for act A equals the difference between expected liability and social harm for act B. Now we turn to the fourth choice in Figure 2 -execution of a mandatory choice. Expected liability must equal the expected harm of faulty execution in order to provide perfectly efficient incentives for proper execution of the procedure.
31 Figure 3 depicts this fact by placing "execution of choice" at the "internalization" point on the damages line.
To illustrate by Example 3, the obstetrician makes a mistake in executing vaginal delivery with probability .10 that causes harm of 200, and the probability of liability is 1. In cesarean delivery the obstetrician makes a mistake with probability .10 that causes harm of 300, and the probability of liability is .5. 31 Note, however, that this problem could be avoided if execution of the chosen procedure involves a series of mandatory choices. For subsequent mandatory choices, less than 100% liability would suffice for the same reason that it suffices in making the original mandatory choice -the liability difference control, not the baseline.
Since the probability of liability is .5 for the harm caused by faulty cesarean delivery, the harm is externalized half of the time. To overcome this distortion, set liability equal to 200% of the harm from faulty cesarean delivery. Now the obstetrician is liable for 100% of the expected harm from faulty vaginal or cesarean delivery, as required to internalize the social costs of negligent execution. Figure 3 summarizes the tradeoffs in incentives for the four choices when setting liability. Incentives for the activity level are best when liability equals zero. We are assuming that the activity has more positive than negative externalities. To provide efficient incentives for making the right mandatory choice, damages must increase at least to the disgorgement level (DDA). Increasing damages to the equalization level will provide efficient incentives for preparing to make the mandatory choice and to make it. To provide incentives for executing the mandatory choice, damages must increase to the internalization level.
III. UNCERTAINTY ABOUT THE RIGHT CHOICE AND APPLICATION
Thus far we have assumed that courts have accurate information about the private and social costs of the relevant acts. 32 In fact courts seldom possess complete information about the alternatives faced by the actors. Even so, courts can often conclude that negligence caused harm. For those cases we propose that in certain areas where positive externalities are high or when mandatory choices are common, legislatures give courts several options for setting damages. Legislatures might authorize courts to award in such areas damages of 25%, 50%, 75%, 100%, 125% or 150% of the plaintiff's harm.
For freely chosen activities, legislatures could allow courts to award damages as guided by the underlying externalities. For driving, liability might equal, say 150%. When two automobiles collide, part of the damages ideally would be paid to the state. 33 For immunization from diseases, liability might equal, say, 75%.
34 32 When we applied the Least Harmful Alternative Principle to Example 2, we assumed that courts could verify that the unavoidable risks of vaginal delivery were 20 while the risks of cesarean were 30. When we discussed disgorgement damages for accidents (DDA), we assumed that courts could verify the gains to the doctor from choosing cesarean and the probability of the resulting harm. Similarly, when we applied the Equalization Principle to Example 3 we assumed that courts can verify the risks of negligent execution of each alternative, as well as the level of externality associated with each of the underlying activities. 33 If a car strikes a pedestrian, damages of, say, 150% will discourage driving and hence correct for the negative externality. This is true regardless of whether or not the pedestrian gets all of the damages. If one car strikes another car, damages of 150% paid to the victim will redistribute money from negligent to non-negligent driver. It will discourage negligent driving and encourage non-negligent driving. The state should take, say, half of the damages in order to discourage nonnegligent driving.
For mandatory choices with positive externalities in the underlying activity like obstetrics, courts should be allowed to choose damages below 100%. The exact choice should depend on the court's information, and the incentive effects explained in this article. If the actor saved money by untaken precautions, the court might want to give damages that approximate disgorgement for accidents. Application of DDA requires information about the gain of the injurer from untaken precautions and information about the probability of the injurer's liability. In Example 2, DDA requires information on both the doctor's gain from his negligence (which is 1) and the probability of holding him liable when he behaves negligently (which is .10). Disgorgement damages should be low as a percentage of victim's harm, say 25%. Disgorgement damages are especially attractive if the court has little concern with incentives to prepare for the mandatory choice or to execute it.
Alternatively, the court might want to set damages by deducting a fraction that reflects the risk of the least harmful alternative. This approach requires verifying the harm, the risk of the chosen alternative and the risk of the least harmful alternative. When the court cannot verify these two latter values precisely, it might roughly estimate the magnitudes. To illustrate, suppose the court in Example 2 finds out that the risk from cesarean was between 30 and 40, whereas the risk from vaginal delivery was between 10 and 20. The court should reduce damages at least by 25%. 35 Finally, if the court can verify the extent of the external harm from two alternatives in a mandatory choice, it may want to set damages in order to equalize the externalities. When the court cannot determine the exact expected harm of each alternative, it could use rough estimations. Assume that the court in Example 3 can verify the range of risks associated with cesarean delivery. Instead of exact expected harm of 20, the court verifies that the expected harm is at least 20 and no more than 30. If the rate of externalization of cesarean accidental harms is 50%, courts could safely assume that expected harm of at least 10 was externalized when the doctor chose cesarean. Therefore courts could award damages for the full harm when the doctor chose cesarean, and reduce damages when the doctor chose vaginal delivery. The rate of the reduction should reflect the minimum expected harm that cesarean externalizes. Thus, in our case, if courts could assume that the expected harm of vaginal delivery is, say, also 20 to 30, they could safely reduce liability for accidental harm caused during vaginal delivery by 33%. That would result in reduction of expected liability for vaginal delivery by no more than 10. Of course, also here the court can reduce damages even further depending on the level of the positive externality of the underlying activity and the risk of eroding incentives to execute the alternative chosen by the doctor.
By using numbers, the preceding discussion suggests a level of precision that courts can seldom achieve. In fact we favor simple rules with modest information requirements that respond to the contours set out in the principles in this paper. As long as the simple rules respond to liability externalities and mandatory choices, many doctors will pay less.
CONCLUSION
Liability externality has various possible remedies. Since Pigou, the standard prescription taxes negative externalities and subsidizes positive externalities. 36 In principle taxes and subsidies are the best solution to externalities whenever private bargains cannot solve the problem. In practice, however, the scope and direction of taxes and subsidies has more to do with interest group politics than with economic efficiency. Given practical limits on controlling externalities by taxes and subsidies, liability law might be adjusted for better results. This is especially true for those externalities that courts can better understand because they arise from the liability system itself, such as the activity level problem.
Several dimensions of liability law could be adjusted in principle: the rule of liability (strict liability versus negligence), the standard of care, the standard and burden of proof, and the level of damages. Recently Jeong-Yoo Kim argued that negligence is generally a better rule than strict liability when the activity involves positive externalities unrelated to the accident. Kim observes that a negligence rule places a smaller burden of liability on the activity, which is desirable when it has positive externalities. 37 Similarly, Keith Hylton argued that a strict liability rule is suitable only when the external costs of the activity exceed the external benefits by a substantial amount, whereas a negligence rule is better when the external costs and external benefits are roughly the same, Another possibility is adjusting the legal standard of care under a liability rule. A lower standard of care for activities with positive externalities reduces expected liability and thus increases incentives to engage in the activity, whereas a higher standard of care has the opposite effect. Similarly, increasing the standard of proof reduces the injurer's expected liability and thus increases incentives to engage in the activity, while shifting the burden of proof to the defendant has the opposite effect.
Instead of these possibilities, we focus on adjusting damages to remedy liability externalities. Adjusting damages could be regarded as a supplement or an alternative to the other possibilities. Compared to the alternatives, adjusting damages has distinct advantages. We believe that a full exploration of all the alternatives would conclude that the principles developed in this paper are easier for courts to understand and to apply accurately than the alternatives.
Our suggestions in this Article could be criticized as undermining one of the major goals of tort law, which is compensation. We mention briefly how to defend our focus on incentives rather than compensation. As we demonstrated through the paper, full compensation through tort law is detrimental to potential victims when they benefit from the underlying activity. When excessive liability for child birth discourages doctors from specializing in obstetrics and encourage them engage in defensive medicine, patients ultimately pay much of the price. Given these facts, the potential victims may prefer to provide for compensation by other means than tort law, such as social or private insurance.
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